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ABSTRACT : 

PURPOSE: To easily provide a surface light emitting type semiconductor 
laser incorporating a photodiode and having a superior reliability, a 
high yield and a superior characteristic. 

CONSTITUTION: In a semiconductor laser having a resonator perpendicular 
to a semiconductor substrate 102, a detecting section 121 having the same 
structure as a light emitting section 120 that the resonator constitutes 
is produced. A II-VT compound semiconductor epitaxial layer 109 is buried 
in between the light emitting section and the detecting section, and the 
light emitting section 120 and the detecting section 121 are isolated 
from each other by an isolation trench 122. Reflected light of an output 
laser beam is introduced into the detecting section 121 from an exposed 
part of the surface of the detecting section 121, whereby the intensity 
of a laser beam is detected. Thus, a surface light emitting semiconductor 
laser that incorporates a photodiode used as an APC circuit is 
constituted. 
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Claims 



1- A surface light-emitting semiconductor laser 
characterized by the fact that in a surface light-emitting 
semiconductor laser which has a resonator formed in the direction 
perpendicular to a semiconductor substrate so that a light is 
emitted in the direction perpendicular to said semiconductor 
substrate and in which at least one layer of the semiconductor 
layers that form said resonator is formed in a columnar shape, a 
photodiode with the same structure as that of the above-mentioned 
resonator is formed on the same substrate of the above-mentioned 
semiconductor substrate; that an electrode is formed on part of 
the surface of the above-mentioned photodiode; that the rest of 
the surface is exposed; that the above-mentioned resonator and 
the above-mentioned photodiode are separated by a separating 
groove. 

2. The surface light-emitting semiconductor laser of Claim 1 
characterized by the fact that an epitaxial layer of a group II- 
VI compound semiconductor is embedded between the circumference 
of the above-mentioned columnar semiconductor layer and the 
above-mentioned photodiode. 

3. The surface light-emitting semiconductor laser of Claims 
1 and 2 characterized by the fact that an electrode is formed on 
part of the surface of the above-mentioned photodiode and that a 
dielectric layer is formed on the rest of the surface. 



'Numbers in the right margin indicate pagination in the foreign 
text. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a surface light-emitting 
type semiconductor laser which oscillates a laser beam in the 
vertical direction of a substrate. 

[0002] 

Prior art 

As a surface light-emitting type semiconductor laser having 
a resonator in the vertical direction of a substrate 
(hereinafter, described as a surface light-emitting semiconductor 
laser), for example, a semiconductor laser presented in the 
lecture preprints of the 50th Scientific Lecture Meeting of the 
Society of Applied Physics, No. 3, p. 909, 29a-ZG-7 (issued on 
September 27, 1989) is known. 

[0003] 

In such a surface light-emitting type semiconductor laser, 
an embedding layer is constituted by a p-n junction layer 
composed of a p-type AlGaAs layer and a n-type AlGaAs layer. The 
reason for this is that a current is prevented from flowing to 
the parts other than the p-type GaAs active layer. 




[0004] 



On the contrary, this ' applicant has already proposed a 
surface light-emitting semiconductor laser in which such an 
embedding layer is formed only by an epitaxial layer of a group 
II-VI compound semiconductor of one layer (Japanese Patent 
Application No. Hei 2 [1990] -242000) . In such a surface light- 
emitting semiconductor laser, since the resistance of the 
embedding layer can be increased, a sufficient current can be 
strangulated, and matching of the interfacial position with a 
columnar area is not required. 

[0005] 

In the surface light-emitting semiconductor laser, as shown 
in Figure 11, first, on a n-type GaAs substrate (402) , n-type 
GaAs buffer layer (403) , distributed reflection-type multilayer 
film mirror (404), n-type Al 0 .4Ga 0 .6As clad layer (405) , p-type 
GaAs active layer (406), p-type Al0.4Ga0.gAs clad layer (407), and 
p-type Al 0 .iGa<o.9As contact layer are sequentially deposited, and 
the p-type Alo, 4 Ga 0 .6As clad layer (407) and the p-type Alo.1Gao.9As 
contact layer (408) are vertically etched while leaving a 
columnar area. Furthermore, a ZnS0.oeSeo.94 is formed and embedded 
around the columnar area, and a dielectric multilayer film mirror 
(411) is vapor-deposited on the area, which is slightly smaller 
than the columnar diameter, on the upper surface of the p-type 
Alo.1Gao.9As contact layer (408) . Finally, a p-type ohmic electrode 
(410) and a n-type -ohmic electrode (401) are formed. 



[0006] 



Problems to be solved by the invention 

In such a surface light-emitting semiconductor layer, in 
order to control a light output, it is desirable to constitute an 
auto power control (hereinafter, described as APC) which detects 
an output light intensity of the semiconductor laser and controls 
a driving current. In the conventional method, a chip having a 
semiconductor layer and a chip having a photodiode were 
different, and these two chips were mounted on one package. A 
return light of an output light of the semiconductor laser or 
part of the output light was detected by the photodiode. The APC 
circuit was constituted in this manner. 

[0007] 

The surface light-emitting semiconductor laser, as shown in 
Figure 11, emits a laser beam in only one direction perpendicular 
to a substrate. Therefore, a method, which emits laser beams in 
two direction, uses one laser beam as a required laser beam, and 
uses the other laser beam as a monitor like a conventional end 
face emitting type semiconductor laser, cannot be used. 
Therefore, in the surface light-emitting semiconductor laser, the 
laser chip is a separately mounted photodiode; extracts part of 
the laser beam, and detects the output. 



[0008] 

However, according to the review of the inventor, if the 
above-mentioned method is used, the following problems are 
caused, 

[0009] 

(1) The semiconductor chip constituting the surface light- 
emitting semiconductor laser and the semiconductor chip 
constituting the photodiode for monitoring the quantity of light 
must be separately mounted on one package- Therefore, the yield 
of the mounting process, individual precision adjustment, 
characteristic check, etc., deteriorate the total yield or the 
characteristics, so that the manufacturing cost is raised. 

[0010] 

(2) Since the surface light-emitting semiconductor laser 
chip and the photodiode chip are separately mounted and 
constitute one element, the element cannot be made small. Also, 
the enabling of a free two-dimensional array that is a 
characteristic feature of the surface light-emitting 
semiconductor laser is largely restricted, since the photodiode 
must be separately mounted. 

[0011] 



The present invention solves such problems, and its purpose 
is to provide a semiconductor lasef'with a structure which has 



high reliability, favorable characteristics, and high yield, does 
not damage the characteristics of a surface light-emitting 
semiconductor laser, and detects an output light, through a 
simple manufacturing method. 



[0012] 



Means to solve the problems 

The surface light-emitting semiconductor laser of the 
present invention is characterized by the fact that in a face 
light-emitting semiconductor laser which has a resonator formed 
in the direction perpendicular to a semiconductor substrate so /3 
that a light is emitted in the direction perpendicular to said 
semiconductor substrate and in which at least one layer of the 
semiconductor layers that form said resonator is formed in a 
columnar shape, a photodiode with the same structure as that of 
the above-mentioned resonator is formed on the same substrate of 
the above-mentioned semiconductor substrate; that an electrode is 
formed on part of the surface of the above-mentioned photodiode; 
that the rest of the surface is exposed; that the above-mentioned 
resonator and the above-mentioned photodiode are separated by a 
separating groove . 

[0013] 

Also, it is characterized by the fact that an epitaxial - 

layer of a group II-VI compound_semiconductor is embedded between 
the circumference of the above-mentioned columnar semiconductor 
layer and the above-mentioned photodiode* 



[0014] 



Also, it is characterized by the fact that an electrode is 
formed on part of the surface of the above-mentioned photodiode 
and that a dielectric layer is formed on the rest of the surface. 

[0015] 

Function 

According to the above-mentioned constitution, since the 
surface light-emitting semiconductor laser and the photodiode are 
manufactured on the same substrate, a reflected light of an 
output light of the surface light-emitting semiconductor laser, 
for example, a light being reflected at the inside of a glass of 
an outgoing window of a surface light-emitting type semiconductor 
laser package, can be introduced into the photodiode from the 
exposed part of the photodiode surface, and the quantity of light 
can be detected. Also, the semiconductor laser structure can be 
used as it is as a photodiode structure by driving an element 
with the same structure as that of the resonator of the surface 
light-emitting semiconductor laser in a backward bias fashion. 
Also, since the light-emitting part consisting of the resonator 
and the detecting part consisting of the photodiode can be 
separated by the separating groove, leaking light from the light- 
emitting part to the horizontal direction of the substrate cannot 
reach the detecting part, and the output laser beam of the 
surface light-emitting semiconductor laser can be directly 
measured and controlled. 



[0016] 



Also, the photodiode does not need a special structure, and 
the semiconductor laser structure can be used as it is as a 
photodiode structure by driving the element with the same 
structure as that of the resonator of the surface light-emitting 
semiconductor laser in a backward bias fashion. Therefore, 
special processes, etc., for manufacturing the photodiode are not 
required, and the surface light-emitting laser can be 
manufactured with high density and high yield on the same 
substrate . 

[0017] 

If an epitaxial layer of a group II-VI compound 
semiconductor is embedded between the circumference of the 
columnar semiconductor layer and the photodiode, a current leak 
to the high-resistance embedding layer is not caused, and an 
electric element separation of the surface light-emitting 
semiconductor laser and the photodiode is simply enabled. 

[0018] 

Furthermore, the detection sensitivity can be improved by 
forming a dielectric layer for lowering the reflectivity at the 
exposed part of the photodiode surface. 
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[0019] 

Application examples 

Next, the application examples of the present invention are 
explained using the figures. 

[0020] 

Application Example 1 

Figure 1 is an oblique view showing a cross section of a 
light-emitting part and a detecting part of a semiconductor laser 
(100) in a first application example of the present invention. 
Also, Figures 2 (a) -(f) are cross sections showing a process for 
manufacturing the semiconductor laser in said application 
example. 

[0021] 

Next, the constitution and the manufacturing process of the 
semiconductor laser (100) of this application example are 
explained according to Figures 2 (a) -(f). 

[0022] . 

(1) .First, a n-type GaAs buffer layer (103) is formed on a 
n-type GaAs substrate (102), and 30 pairs of distributed 
reflection-type multilayer film mirrors (104), which have a 
reflectivity of 98% or mdre"^to"a light in the vicinity of a 
wavelength of 870 nm and are composed^of a n-type Alo.7Gao.3As 



layer and a n-type Alo.1Gao.9As layer, are formed. Then, n-type 
Alo.4Gao.6As clad layer (105), p-type GaAs active layer (106), 
p-type Alo.4Gao.6As clad layer (107), and p-type Alo.1Gao.9As contact 
layer (108) are sequentially epitaxially deposited by a MOCVD 
method (Figure 2(a)). At that time, in this application example, 
the deposition temperature is 700°C and the deposition pressure 
is 150 torr. As a group III raw material, an organic metal of 
TMGa (trimethyl gallium) and TMA1 (trimethyl aluminum) is used, 
and as a V group raw material, ASH3 is used. As a n-type dopant, 
H2Se is used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0023] 

(2) Next, a Si02 layer (112) is formed on the surface by a 
thermal CVD method. Furthermore, the p-type Alo.4Gao.6As clad layer 
(107) is etched up to its halfway by a reaction ion-beam etching 
method (hereinafter, described as "a RIBE method") while leaving 
the columnar light-emitting part and the columnar detecting part 
covered with a resist (113) (Figure 2(b)). At that time, in this 
application example, as an etching gas, a mixed gas of chlorine 
and argon is used. The gas pressure is 

1 x 10" 3 torr, and the leading voltage is 400 V. Here, the reason 
why the p-type Al 0 .4Ga 0 .6As clad layer (107) is etched up 
to its halfway is that the structure for confining an injecting 
carrier and a light in the horizontal direction of the active 
layer is a rib waveguide type refractive index waveguide 
structure . 



0024} 



(3) Next, an embedding layer is formed on the p-type 
Alo.4Gao.5As clad layer (107) . For this reason, in this application 
example, first, the resist (113) is removed, and a ZnSo.06Seo.94 
layer (109) is embedded and deposited by a MBE method or MOCVD 
method (Figure 2(c)). 

[0025] 

(4) Next, the Si02 layer (112) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (111) are formed on 
the surface of the contact layer (108) by an electron-beam vapor 
deposition and removed by a dry etching using a reactive ion 
etching method (hereinafter, described as "a RIE method") while 
leaving the area slightly smaller than the diameter of the light- 
emitting part (Figure 2(d)). The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 

[0026] 

(5) Furthermore, in order to form a separating groove (122). 
for separating a light-emitting part (120) and a detecting part 
(121), the p-type Al 0 .4Ga 0 .6As clad layer (107) is re-etched up to 
its halfway by the RIBE method using the resist (113) as a mask 
(Figure 2(e)). 
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[0027] 

(6) Next, on the surface other than the dielectric multilayer / 
mirror (111) in the light-emitting part and on part of the 
surface for forming the detecting part, a p-type ohmic electrode 
(110) is vapor-deposited. At that time, an electrode in contact 
with the light-emitting part and an electrode in contact with the 
detecting part are separated so that they can be independently 
provided with current. Here, the reason why the electrode is 
formed on only part of the surface of the detecting part and the 
surface of the detecting part is exposed is that the reflected 
light of the laser beam emitted from the light-emitting part is 
introduced into the detecting part from the surface side. 
Furthermore, a n-type ohmic electrode (101) is vapor-deposited on " 
the n-type Al 0 .iGa 0 .9As substrate (102) (Figure 2(f)). Then, 
finally, alloying at 400°C is carried out in a N 2 atmosphere. 

[0028] 

With the above process, the surface light-emitting 
semiconductor laser (100) having the light-emitting part (120) 
with a rib waveguide structure and the detecting part (121) with 
the same structure as that of the light-emitting part as shown in 
Figure 1 can be obtained. 

[0029] 



Figure 3 is an outline diagram showing an example in case 

the surface light-emitting semiconductor laser of this 
application example is mounted in the package. Part of a laser 



beam (123) emitted from the light-emitting part (120) is 
reflected by a glass (124) and introduced into the detecting part 
(121). 

[0030] 

Figure 4 shows a relationship between the driving current 
and the oscillating light output for the light-emitting part of 
the surface light-emitting semiconductor laser of this 
application example and a relationship of the current flowing to 
the detecting part at that time. A continuous oscillation was 
achieved at room temperature, and the threshold current was as 
low as 1 mA. Also, the current flowing to the detecting part is 
seldom measured at less than the threshold current, and there is 
no influence of leaking light in the horizontal direction from " 
the light-emitting part. Since the laser oscillation is started 
at more than the threshold current, the laser beam being 
reflected at the inside of the glass of the outgoing window of 
the package enters the detecting part, and the current flowing to 
the detecting part is also increased. In this application 
example, at a light output of 1 mW, the amount of current flowing 
to the detecting part was 40 pA, which could be detected, however 
the detection sensitivity could be improved by applying a 
backward bias to the pn junction constituting the detecting part. 

[0031] 

- Application Example 2 

Figure 5 is an oblique view showing a cross section of the 
light-emitting part and the detecftlng part of a semiconductor 



/ e 

i 

I 

laser (200) in a second application example of the present 
invention. Also, Figures 6 (a) -(f) are cross sections showing a 
process for manufacturing the semiconductor laser (200) in said 
application example. 

[0032] 

The semiconductor laser (200) of this application example is 
different from that of the above-mentioned Application Example 2 
in that both the light-emitting part and the detecting part are 
formed in a columnar shape from a p-type Alo.1Gao.9As contact layer 
(208) to part of a n-type Alo.4Gao.6As clad layer (205). 

[0033] 

Next, the constitution and the manufacturing process of this 
application example are explained according to Figures 6 (a) -(f). 
[0034] 

(1) First, a n-type GaAs buffer layer (203) is formed on a 
n-type GaAs substrate (202), and 30 pairs of distributed 
reflection-type multilayer film mirrors (204), which have a 
reflectivity of 98% or more to a light in the vicinity of a 
wavelength of 870 nm and are composed of a n-type AlAs layer and 
a n-type Alo.1Gao.9As layer, are formed. Then, n-type Alo.4Gao.6As 
clad layer (205), p-type GaAs active layer (206), p-type 
Al0.4Ga0.eAs clad layer (207), and p-type Alo.1Gao.9As contact layer 
(-2W- are sequentially epitaxially deposited by the MOCVD method 
(Figure 6(a)). At that time, in this application example, the 
deposition temperature is 700°C,'"and the deposition pressure is 
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/150 torr. As a group III raw material, an organic metal of TMGa 
/ (trimethyl gallium) and TMA1 (trimethyl aluminum) is used, and as 
a group V raw material, ASH3 is used. As a n-type dopant, H2Se is 
used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0035] 

(2) Next, a Si0 2 layer (212) is formed on the surface by the 
thermal CVD method. Furthermore, the n-type Al0.4Ga0.sAs clad layer 
(205) is etched halfway by the RIBE method while leaving the 
columnar light-emitting part and detecting part covered with a 
resist (213) (Figure 6(b)). At that time, in this application 
example, as an etching gas, a mixed gas of chlorine and argon is 
used. The gas pressure is 1 x 10" 3 torr, and the leading voltage 
is 400 V. 

[0036] 

(3) Next, an embedding* layer is formed on the etched area. 
For this reason, in this application example, first, the resist 
(213) is removed, and a ZnSo.oeSeo.94 layer (209) is embedded and 
deposited by the MBE method or MOCVD method (Figure 6(c)). 

[0037] 

(4) Next, the Si0 2 layer (212) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (211) are formed on 
tKe - surface of the contact layer (208T~bT~electron-beam vapor 
deposition and removed by a dry etching using the RIE method 
while leaving the area slightly smaller than the diameter of the 



light-emitting part. The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 
Furthermore, a Si0 2 dielectric layer (215) is formed on part of 
the surface of a detecting part (221) by electron-beam vapor 
deposition, and the film thickness is controlled so that the 
reflectivity rate of the detecting part surface can be 10% or 
less at a wavelength of 870 nm (Figure 6(d)). 

[0038] 

(5) Furthermore, in order to form a separating groove (222) 
for separating a light-emitting part (220) and the detecting part 
(221), the p-type Al0.4Ga0.eAs clad layer (207) is re-etched 
halfway by the RIBE method using the resist (213) as a mask 
(Figure 6(e)). 

[0039] 

(6) Next, on the surface other than the dielectric 
multilayer mirror (211) and the Si0 2 dielectric layer (215), a 
p-type ohmic electrode (210) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 
Furthermore, a n-type ohmic electrode (201) is vapor-deposited on 
the n-type GaAs substrate (202) (Figure 6(f)). Then, finally, 
alloying at 400°C is carried out in a N 2 atmosphere. 



[0040] 



With the above process, the surface light-emitting 
semiconductor laser (200) having the light-emitting part (220) 
with an embedded structure and the detecting part (221) with the 
same structure as that of the light-emitting part as shown in 
Figure 5 can be obtained. 

[0041] 

In the surface light-emitting semiconductor laser . (200) of 
this .application example prepared in this manner, similarly to 
the above-mentioned Application Example 1, the threshold current 
was as low as 1 mA, and the surface light-emitting semiconductor 
laser, which can control the laser beam output by the current 
flowing to the detecting part, was obtained. 

[0042] 

Also, in this application example, the reflected light could 
be detected with favorable efficiency by installing the 
dielectric layer on the detecting part surface so that the 
reflectivity at an oscillation wavelength could be 10% or less. 
Thus, the detection sensitivity could be improved. 

[0043] 

In Application Examples 1 and 2, the ZnSo.06Seo.94 layer, 
which is a group II-VI compound semiconductor, is used as the 
embedding layer, so that an electric element separation of the 



.light-emitting part and the detecting part is enabled by a 
monolayer in terms of high resistance. 

[0044] 

Application Example 3 

Figure 7 is an oblique view showing a cross section of the 
light-emitting part and the detecting part of a semiconductor 
laser (300) in a third application example of the present 
invention. Figures 8 (a) -(f) and Figure 9(a) are cross sections 
showing a process for manufacturing the semiconductor laser (300) 
in said application example. 

[0045] 

The semiconductor laser (300) of this application example is 
different from that of the above-mentioned Application Examples 1 
and 2 in that a p-type Alo.5Gao.5As clad layer (307) forms the 
light-emitting part by several columnar parts which are mutually 
separated by separating grooves. 

[0046] 

Next, the constitution and the manufacturing process of this 
application example are explained according to Figures 8 (a) -(f) 
and Figure 9(a). 



(1) First, a n-type GaAs buffer layer (303) is formed on a 
n-type GaAs substrate (302), and 25 pairs of semiconductor 
multilayer film mirrors (304), which have a reflectivity of 98% 
or more to a light of ± 30 nm centering around a wavelength of 
780 nm and are composed of a n-type Al^Gao.xAs layer and a n-type 
Alo. 2 Ga 0 . 8 A S layer, are formed. Then, n-type Al 0 . 5 Ga 0 . 5 A S clad layer 
(305), p-type Alo. 13 Ga 0 . 87 As active layer (306), p-type Al 0 5 Ga 0 5 As 
clad layer (307), and p-type Al 0 . 1S Gao. 9 5As contact layer (308) are 
sequentially epitaxially deposited by the MOCVD method (Figure 
8(a)). m this application example, as the deposition conditions 
at that time, the deposition temperature is 720°C and the 
deposition pressure is 150 torr. As a group III raw material, an 
organic metal of TMGa (trimethyl gallium) and TMA1 (trimethyl 
aluminum) is used, and as a group V raw material, AsH 3 is used 
As a n-type dopant, H 2 Se is used, and a p-type dopant, DEZn 
(diethyl zinc) is used. 

[0048] 

(2) Next, a Si0 2 layer (312) is formed on the surface by a 
normal-pressure thermal CVD method. Furthermore, a photoresist is 
spread on it and subjected to a photolithography process, so that 
the required pattern is prepared. At that time, the state in 
which the side surface of the resist pattern is perpendicular to 
the substrate surface is adopted. After the preparation, heating 
is not carried out at a temperature at which the side surface is 
dragged. 



[0049] 



(3) Next, the Si0 2 layer (312) is removed by the reaction 
ion etching (RIE) using the pattern as a mask and a CF 4 gas as an 
etching gas. At that time, the Si02 layer between the light- 
emitting part and the detecting part having a large gap is 
completely removed and etched while leaving the Si02 layer (312) 
between several columnar parts for forming the light-emitting 
part having a narrow gap. Thus, a resist (313) having a side 
surface perpendicular to the substrate and a pattern composed of 
the Si02 layer (312) can be prepared while holding a required 
pattern shape (Figure 8(b)). 

[0050] 

(4) Next, etching is carried out by the RIBE method using 
the resist (313) having the vertical side surface as a mask while 
leaving the columnar light-emitting part and detecting part. At 
that time, etching is carried out halfway on the p-type 
Alo.5Gao.5As clad layer (307) between several columnar parts for 
forming the light-emitting part and up to the part of the n-type 
Alo.5Gao.5As clad layer between the light-emitting part and the 
detecting part (Figure 8(c)) by the difference of existence of 
the SiC>2 layer (312) . At that time, in this application example, 
as an etching gas, a mixed gas of chlorine and argon is used, and 
the gas pressure is 5 x 10' 4 torr. The plasma leading voltage is 
400 V. The ion current density on the etching sample is 400 
liA/cm 2 , and the sample temperaturH~~ts held at 20°C. 
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/ [0051] 



Here, the reason why the p-type Alo.5Gao.5As clad layer (307) 
is etched up to its halfway is that the an injecting carrier and 
a light in the horizontal direction of the active layer are 
confined by a rib waveguide type refractive index waveguide 
structure, so that part of the light in the active layer can be 
transferred in the horizontal direction of the active layer. 



Also, using the resist (313) having a vertical side surface 
as a resist and using the RIBE method for etching by irradiating 
ions in a beam shape perpendicularly to the etching sample as an 
etching method, the adjacent light-emitting part (320) can be 
separated by the separating groove (314) perpendicular to the 
substrate. At the same time, a vertical light resonator required 
to improve the characteristics of the surface light-emitting type 
semiconductor laser can be manufactured. 

(5) Next, an embedding layer is formed on the p-type Alo.5Gao.5As 
clad layer (307) . For this reason, in this application example, 
first, the resist (313) is removed, and a ZnS 0 .o6Seo.94 layer (309) 
is embedded and deposited by the MBE method or MOCVD method 
(Figure 8 (d) ) . 



[0052] 



[0053] 



(6) Next, the Si0 2 layer (312) is removed, and a 

polycrystalline ZnSSe [layer] formed^on it is removed. Then, four 
pairs of Si02/a-Si dielectric multilayer film reflecting mirrors 
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(311) are formed on the surface by electron-beam vapor deposition 
and removed by dry etching using the RIE method while leaving the 
area slightly smaller than the diameter of the light-emitting 
part. The reflectivity of the dielectric multilayer film mirror 
at a wavelength of 780 nm is 95% or more. Here, in the 
semiconductor laser (300) of this application example, since the 
dielectric multilayer film mirror is also prepared on the 
separating groove (314) embedded by the ZnSo.oeSeo.94/ a vertical /6 
resonator structure is also formed in the area sandwiched by the 
light-emitting part. Therefore, the light leaked to the 
separating groove (314) also contributes effectively to the laser 
oscillation, and since the leaked light is utilized, the light 
synchronous with the phase of the light-emitting part (320) is 
emitted . 



[0054] 

Also, the Si02 dielectric layer (315) is formed on part of 
the surface of the detecting part (321) by electron-beam vapor 
deposition, and the film thickness is controlled so that the 
reflectivity of the detecting part surface can be 10% or less at 
a wavelength of 870 nm (Figure 8(e)). 

(5) Furthermore, in order to form a separating groove (322) for 
separating the light-emitting part (320) and the detecting part 
(321), the p-type Alo.5Gao.5As clad layer (307) is re-etched 
halfway by the RIBE method using the resist (313) as a mask 
(Figure 8 (f ) ) . 



=[0055] 

i 



(6) Next, on the surface other than the dielectric 
multilayer mirror (311) and the Si0 2 dielectric layer (315), a p- 
type ohmic electrode (310) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 
Furthermore, a n-type ohmic electrode (301) is vapor-deposited on 
the n-type GaAs substrate (302) (Figure 9(a)). Then, finally, 
alloying at 400°C is carried out in a N2 atmosphere, 

[0056] 

Thus, the surface light-emitting semiconductor laser (300) 
having the light-emitting part (320) and the detecting part (321) 
s that of the light-emitting part as shown in Figure 7 can be 
obtained. 

[0057] 

In the surface light-emitting semiconductor laser (300) of 
this application example prepared in this manner, similarly to 
the above-mentioned Application Examples 1 and 2, a laser output 
beam could be detected by the detecting part with the same 
structure as that of the light-emitting part. Also, the detection 
sensitivity could be improved by applying a backward bias to the 
pn jun ction constituting the detecting part: 
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Also, in this application example, the GaAlAs system surface 
light-emitting semiconductor laser has been explained, however, 
other group III-V system surface light-emitting type 
semiconductor laser can also be appropriately applied. In 
particular, the active layer can also change the oscillation 
wavelength by replacing the composition of Al. 



Also, needless to say, the application range of the surface 
light-emitting of the present invention has the same effect in 
facsimiles, displays, and communication equipment as well as in 
printing devices such as printers and copy machines. 



Figure 10 shows an outline diagram showing an auto power 
control (APC) circuit manufactured using the surface light- 
emitting type semiconductor laser of this application example 

[0061] 

Effect of the invention 

As explained above in detail, according to thejaresent 
invention, the surface light-emitting semiconductor laser with an 
APC circuit, ""wHIch could directly detect and control a laser 
output beam, can be prepared by forming a photodiode on the same 



[0059] 



[0060] 



semiconductor substrate as the semiconductor substrate 
constituting the surface light-emitting semiconductor laser. 

•[0062] 

Also, with the same structure of the surface light-emitting 
semiconductor laser as the structure of the photodiode, since a 
special manufacturing process for housing the photodiode is not 
necessary, the surface light-emitting semiconductor laser with 
high reliability and high yield could be simply prepared. 
[0063] 

Also, an electric element separation of the surface Light- 
emitting semiconductor laser and the photodiode is simply enabled 
by embedding an epitaxial layer of a high-resistance II-VI group 
compound semiconductor between the circumference of a columnar 
semiconductor layer and the photodiode. 

[0064] 

The detection precision could be improved by forming a 
dielectric layer for lowering the reflectivity on the exposed 
part of the photodiode surface. 

[0065] 

In particular, in the case the semiconductor laser is two- 
dimensionally in t e grat ed with high density and arrayed, sxrrce the 
number of photodiodes can be reduced, the present invention is 
very useful. 



r 




Brief description of the figures 
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Figure 1 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 1 . 

Figures 2 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 1 • 

Figure 3 is an outlined diagram showing an example in case 
the surface light-emitting semiconductor laser of Application 
Example 1 is mounted in a package. 

Figure 4 shows a relationship between the driving current 
and the oscillating light output of the surface light-emitting 
semiconductor laser of Application Example 1 and a relationship 
of the current flowing to the detecting part at that time. 

Figure 5 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 2, 

Figures 6 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 2. 

Figure 7 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 3 . 

Figures 8 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 3. 

Figure 9(a) i s a cr oss section showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 3 and is a diagram subsequent to Figure 8(f)- 



Figure 10 shows an outlined diagram showing an auto power 
control (APC) circuit manufactured using the surface light- 
emitting type semiconductor laser of the application example. 

.Figure 11 is an oblique view showing an example of a 
conventional semiconductor laser. 



101, 201, 301, 401 n-type ohmic electrodes 

102, 202, 302, 402 n-type GaAs substrates 

103, 203, 303, 403 n-type GaAs buffer layers 

104, 204, 304, 404 Distributed reflection-type multilayer film 

mirrors 

105, 205, 405 n-type Al0.4Ga0.eAs clad layers 

106, 206, 406 p-type GaAs active layers 

107, 207, 407 p-type Al0.4Ga0.eAs clad layers 

108, 208, 408 p-type Alo.1Gao.9As contact layers 

109, 209, 309, 409 ZnS 0 .06Se 0 .94 embedding layers 

110, 210, 310, 410 p-type ohmic electrodes 

111, 211, 311, 411 Dielectric multilayer film mirrors 

112, 212, 312 Si0 2 layers 

113, 213, 313 Resists 

215, 315 Si0 2 dielectric layers 

314 Separating groove 

305. n-type Alo.5Gao.5As clad layer 

306 p-type Alo.13Gao.87As active layer 

307 p-type Al0.sGa0.5As clad layer 

308 P-type Alo.15Gao.85As contact layer 

120, 220, 320 Light-emitting parts 

121, 22U_321 Detecting parts 

122, 222, 322 Separating grooves 
123 Laser beam 
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Figure 6 




Figure 7 
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Figure 10 
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Figure 11 



